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Abstract
A Review on Vinyl Sulfone-modified Carbohydrates and Nucleosides Amongst various functionalized sulfones, a,b-unsaturated- or vinyl sulfones have now become generally accepted as useful intermediates in organic synthesis. The vinyl sulfones serve efficiently as both Michael acceptors and a 2p partner in cycloaddition reactions. Carbohydrates, on the other hand, are used extensively as chiral building blocks for the synthesis of various complex molecules. The preliminary requirement of such a synthesis is the functionalization of the sugar molecules at the monosaccharide level. Carbohydrates are normally modified via their sulfonates, epoxides, olefins, ketones or olefinic derivatives. Due to the high reactivities of vinyl sulfones towards a wide variety of nucleophiles, vinyl sulfone-modified carbohydrates could be used to generate an array of modified monosaccharides. Vinyl sulfone-modified carbohydrates have the potential for utilization in organic synthesis because (a) almost all carbohydrates, either in pyranose or furanose forms, could be converted to their vinyl sulfone derivatives very easily -the first step being the simple nucleophilic displacements of sulfonates or regioselective opening of epoxides by alkyl or aryl mercaptans at various positions, (b) sulfone chemistry has been exploited extensively over decades and its compatibility with a wide variety of simple and complex molecules is well established and (c) after using the vinyl sulfone moiety as a tool for functionalization, whenever necessary, the sulfone group could be removed oxidatively to generate a carbonyl group, reductively to afford a methylene group or eliminated to generate a double bond. Although vinyl sulfones have been used effectively in synthetic transformations, vinyl sulfone-modified carbohydrates are yet to be used extensively in synthetic organic chemistry. The methodologies discussed above are also applicable to the modification of the carbohydrate moieties of nucleosides. However, in the case of nucleosides, vinyl sulfone group may have the potential to be used for biological reactions. This chapter highlights this less studied area of the synthesis and Michael addition reactions of various nucleophiles to vinyl sulfone-modified carbohydrates. 
CHAPTER 2 Syntheses of Vinyl Sulfone-modified Carbohydrates Synthesis of methyl 2,3-dideoxy-4,6-O-(phenylmethylene)-3-C-phenyl sulfonyl-a-D-erythro-hex-2-enopyranoside 6 and the corresponding b-anomer 7 have been reported in the literature. However, the synthetic routes are lengthy and each anomer requires separate starting material for its synthesis. In order to study the diastereoselective addition of nucleophiles systematically, we required relatively large amount of anomerically pure 6 and 7. We, therefore, decided to study the feasibility of an alternative sequence of reactions using a common intermediate for accessing both a- and b-vinyl sulfone derivatives. Synthesis was initiated by reacting the known tosylates 1a and 1b separately with thiophenol. The b-anomer 1b produced the expected product 3. Compound 3 was oxidized with MMPP (magnesium monoperoxyphthalate). The sulfone 5 on mesylation afforded directly the required vinyl sulfone-derivative 7 in high overall yield. Interestingly, the a-anomer 1a, under the same reaction conditions followed a different pathway to generate 4 via epoxide 2. The required vinyl sulfone 6 was, therefore, not accessible through this route (Scheme 2.1). In order to broaden the scope of the studies related to the vinyl sulfone-modified carbohydrates and also to gather specific information on the reaction patterns of endocyclic mono-vinyl sulfones derived from pentofuranoses, we needed to develop a practical methodology for the synthesis of anomerically pure methyl 5-O-benzyl-2,3-dideoxy-3-C-tolylsulfonyl-a-D-erythro-pent-2-enofuranoside 14 and methyl 5-O-benzyl-2,3-dideoxy-3-C-tolylsulfonyl-b-D-erythro-pent-2-enofuranoside 15. A retrosynthetic analysis necessitated the nucleophilic displacement of the p-tolylsulfonyl group of the easily accessible starting material 5-O-benzyl- 1,2-O-isopropylidene-3-O-tosyl-a-D-xylofuranose 8. Compound 8 was reacted with p-thiocresol at 120 o C to produce the ribo-analog 9 in 59% yield. Compound 9 on methanolysis produced an anomeric mixture of 10 and 11 in 78% yield. The anomers were separated at this stage and oxidized separately to the corresponding sulfone derivatives 12 and 13, respectively. The sulfones 12 and 13 on treatment with mesyl chloride in pyridine afforded smoothly the desired vinyl sulfone-modified carbohydrates 14 and 15 in good to excellent yields. Although at this stage the less efficient conversion of 8 to 9 was acceptable, the major drawback of this methodology was the unacceptable ratio of 10 and 11 (1:10) in the mixture. The low ratio of a-anomer 10, present in the mixture contributed to the poor overall yield of the vinyl sulfone derivative 14 (Scheme 2.2). However, it was possible to synthesize a xylo-derivative 20 from 5-O-benzyl- 1,2-O-isopropylidene-3-O-mesyl-a-D-ribofuranose 19 in 79% yield. Compound 20 on methanolysis produced the mixture of anomers 21 and 22 in a ratio 1.5:1 (Scheme 2.3). It was possible to access 14 and 15 via sulfones 23 and 24. Although the ratio of formation of 21 and 22 was acceptable for the synthesis of both the anomers 14 and 15, the overall yield for each anomer again dropped due to the addition of two synthetic steps for converting 16 to the ribo-derivative 18 via a two-step oxidation-reduction process (Scheme 2.3). Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a73_figureNO27.jpg" \t "_blank​) Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a73_figureNO28.jpg" \t "_blank​) 
It was, however possible to circumvent all these shortcomings by first converting the xylo-derivative 8 to an anomeric mixture of 25 and 26 in a ratio 1:1.3 in high yield. Reactions of 25 and 26 with p-thiocresol proceeded smoothly to afford a mixture of 3-deoxy-3-C-(p)-tolylsulfide-D-ribofuranosides 10 and 11 in 94% yield. Compounds 10 and 11 were converted to 14 and 15 in the usual manner (Scheme 2.4). Yet another route to 14 and 15 and related derivatives with trityl protecting group has also been studied. In this case anomerically pure epoxides 27/28 or 34/35 have been used as the starting materials. For the a-anomer, sulfides 29 and 30 with arabino-configurations were synthesized in good yields through regioselective opening of the lyxo-epoxides 27 and 28, respectively by p-thiocresol. Compounds 29 and 30 were converted to the desired a-vinyl sulfones 14 and 33, respectively in high yields by the sequential application of oxidation by MMPP, mesylation and base induced elimination reactions (Scheme 2.5). The corresponding b-vinyl sulfones 15 and 38 were similarly synthesized in high yields via xylo-intermediates 22/24 and 36/37, starting from the ribo-epoxides 34 and 35 , respectively (Scheme 2.6). Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a73_figureNO29.jpg" \t "_blank​) 
CHAPTER 3 Diastereoselective Addition of Planar Heterocycles to Vinyl Sulfone-modified Carbohydrates 
Attempts are currently underway to synthesize novel nucleosides where the nucleobase is attached to the non-anomeric carbon atoms of the sugar moiety. One of the ways of synthesizing these molecules is to introduce the nucleobases directly at the non-anomeric carbon atom of carbohydrates; alternatively, heterocycles such as imidazoles can also be introduced and later converted to base-modified nucleosides via known synthetic manipulations. 
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obvious. The addition of primary amines to 6 and 7 exclusively produced C-2 equatorial (gluco-) products. Secondary amines, on reaction with 7 produced only gluco-derivative whereas with 6 produced a mixture in which gluco- was still the predominant isomer (B. Ravindran, K. Sakthivel, C. G. Suresh and T. Pathak, J. Org. Chem., 2000, 65, 2637). It was, therefore, necessary to carry out a study on the addition of planar heterocycles to vinyl sulfone-modified carbohydrates. Diastereoselective additions to vinyl sulfone-modified hexopyranosyl derivatives: a-Vinyl sulfone 6 on treatment with imidazole, 1,2,4-triazole and thymine afforded single isomers 39-41, respectively in high yields. Adenine, on the other hand, produced a mixture of isomers (only one isomer shown) 42 (Scheme 3.1). Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a73_figureNO32.jpg" \t "_blank​) 
Diastereoselective additions to vinyl sulfone-modified pentofuranosyl derivatives: Reactions of a-vinyl sulfone 14 with imidazole, 1,2,4-triazole, thymine and adenine generated single isomers 47-50, respectively in excellent yields (Scheme 3.3). The corresponding b-vinyl sulfone 15, on reaction with imidazole, thymine and adenine produced single isomers 51, 53 and 54, respectively in high to moderate yields whereas 1,2,4-triazole generated 52, which was a mixture of two isomers in approximately equal amounts (Scheme 3.4). Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a73_figureNO33.jpg" \t "_blank​) 
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Diastereoselective Addition of Carbon Nucleophiles to Vinyl Sulfone-modified Carbohydrates Branched-chain sugars, having carbon substituents at the non-terminal carbon atoms of the chains, are components of many natural products. Branched-chain sugars, on the other hand, constitute an important class of functionalized intermediates ,useful for further transformations. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a73_figureNO35.jpg" \t "_blank​) Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a73_figureNO36.jpg" \t "_blank​) 
Michael-type addition reaction of carbon nucleophiles to vinyl sulfone-modified carbohydrates should be considered as an efficient route for the synthesis of branched-chain sugars. In this chapter we report that in the reactions between vinyl sulfone-modified carbohydrates and carbanions, the directing effect of the anomeric configurations has been fully realized. Addition of carbon nucleophiles to vinyl sulfone-modified hexopyranosyl derivatives: Reactions of a-vinyl sulfone 6 with nitromethane and dimethyl malonate afforded single products 55 and 56, respectively in good to excellent yields (Scheme 4.1). Interestingly, both the products were having three axially disposed functional groups on three consecutive carbon atoms (a-D-altro-configuration) of a six-membered system. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a73_figureNO37.jpg" \t "_blank​) 
Addition of carbon nucleophiles to vinyl sulfone-modified pentofuranosyl derivatives: Compound 14 on reaction with nitromethane and dimethyl malonate yielded single isomers 59 and 60, respectively in high yields (Scheme 4.3). 
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